It is possible that the effort effect may be an artifact of an effortproduced partial reinforcement schedule resulting from high effort conditions in which the animals may be making many responses which are not completed (and therefore not reinforced). If programmed partial reinforcement schedules result in more rapid leverpressing, then this possible effort-produced partial reinforcement schedule could similarly result in faster leverpressing (short IRTs).
The four experiments reported in this paper attempted to test the hypothesis that the effort effect may be an artifact of functional partial reinforcement schedules resulting from high effort conditions. Experiment 1 examined the percentage of short I RTs under two schedules of reinforcement: CRF and VR-4. Experiment 2 used the same basic procedure as Experiment 1, except that there was a delay period of 1 s after each reinforcement, in which presses were not counted towards the schedule. In Experiment 3, the percentage of short IRTs which occurred only after a reinforced press under CRF and VR-4 schedules was examined, and in Experiment 4, partial responses were recorded under two different effort levels-50 g (high effort) and 7 g (low effort).
Experiment 1
Experiment 1 was designed simply to test whether animals reinforced on a VR-4 schedule of reinforcement would make a greater percentage of short IRTs than animals reinforced on a CRF schedule of reinforcement.
Method
Subjects and apparatus. Subjects were 12 male Long-Evans strain rats, approximately 330 days old at the beginning of the study, with previous leverpressing experience. This previous leverpressing experience was the same experience for all of the rats and did not involve manipulations of level of effort. The apparatus was an operant chamber approximately 30 cm on a side, fitted with a 4-cm-wide lever mounted parallel to the front wall of the chamber and approximately 8 cm above the floor. A force of approximately 7 g was sufficient to operate the lever. Forty-five-mg Noyes pellets were used as reinforcement.
Procedure. For 7 days prior to training, all animals were fed on a schedule of 1 1/2 hr of food every 24 hr, with ad lib access to water. During the 1 st day of training, the animals were run for 20 min each on a CRF schedule of reinforcement. On the 2nd training day, the animals were matched for their performance (number of presses) on Training Day 1, divided into two groups , and run for 20 min each on their respective schedules. This was followed by 4 testing days, each of which consisted of one 20-min session during which the reinforcement schedule for each animal was the same as the schedule on Training Day 2.
Results and Discussion
A 2 (reinforcement schedule: CRF vs. VR-4) x 4 (testing day) mixed ANOVA showed a significant main effect of reinforcement schedule, F(1, 10) = 57.380, P < .001, with the VR-4 group showing a higher percentage of short « 1 s) IRTs than the CRF group. Results also showed a significant main effect of testing day, F(3, 30) = 5.642, P < .01, in which percentage of short IRTs was higher on Days 3 and 4 than on Days 1 and 2. There was also a significant reinforcement schedule x testing day interaction, F(3, 30) = 3.676, P < .05. Post hoc tests revealed that the CRF group showed no effect of testing day, but the VR-4 group showed higher percentages of short IRTs on Days 3 and 4 than on Days 1 and 2 (See Figure 1) .
The results of this study indicate that animals on a VR schedule of reinforcement show a higher percentage of short IRTs than animals on a CRF schedule of reinforcement. 
Experiment 2
Experiment 2 was designed to determine whether animals on a VR-4 schedule of reinforcement would still make a higher percentage of short IRTs than animals on a CRF schedule of reinforcement even though responses which occurred within 1 s of a reinforced response were not counted toward the reinforcement schedule.
Method
Subjects and apparatus. Subjects were 10 of the 12 animals used in Experiment 1. The apparatus was the same as was used in Experiment 1.
Procedure. For 8 days prior to training, all animals were fed on a schedule of 1 112 hr of food every 24 hr, with ad lib access to water. On Training Day 1, animals were run for 20 min each on a CRF schedule of reinforcement, with no reinforcement for presses which occurred within 1 s of a previous press (i.e., short IRTs were not reinforced). On Training Day 2, animals were matched on their performance on Training Day 1 and divided into two groups, CRF and VR-4. They were run for 20 min each on their respective schedules, with responses occurring within 1 s of a reinforced response not counting toward the reinforcement schedule. This was followed by 3 testing days, in which the procedure was the same as on Training Day 2.
Results and Discussion
A 2 (reinforcement schedule: CRF vs. VR-4) x 3 (testing day) mixed ANOVA showed a significant main effect of reinforcement schedule, F (1, 8) = 17.754, P < .01, with the VR-4 group showing a higher percentage of short IRTs than the CRF group. There was also a significant effect of testing day, F(2, 16) = 6.362, P < .05. Post hoc tests revealed that the percentage of short IRTs was higher on Day 3 than on Day 2 and higher on Day 3 than on Day 1. There was no significant reinforcement schedule x testing day interaction, F(2, 16) = 1.974, p> .05 (see Figure 2) .
The results of this study indicate that animals on a VR-4 schedule of reinforcement show a higher percentage of short IRTs than animals on a CRF schedule of reinforcement even when responses within 1 s of a reinforced response are not counted toward the reinforcement schedule. 
Experiment 3
It has been well established that partial schedules (especially variable schedules) of reinforcement produce higher rates of responding than continuous schedules. This was extensively reported by Ferster and Skinner (1957) . Experiment 3 was designed to determine whether the short IRTs were occurring after reinforced presses, or whether the short IRTs were occurring primarily after nonreinforced presses. Because Armus (1986) recorded only completed responses, and all completed responses were reinforced, his finding of more short IRTs under conditions of higher effort was necessarily based on short IRTs occurring after reinforced presses. Thus, we wanted to determine whether most of the short IRTs in the VR-4 group were occurring after nonreinforced presses, or if the percentage of short IRTs which occurred after reinforced presses was comparable to the percentage of short IRTs found in the CRF group.
Method
Subjects and apparatus. The subjects and apparatus were the same as were used in Experiment 2.
Procedure. For 4 days prior to training, all animals were fed on a schedule of 1 112 hr of food every 24 hr, with ad lib access to water. On Training Day 1, the animals were run for 20 min on a CRF schedule of reinforcement. On Training Day 2, animals were matched on their performance on Training Day 1 and divided into two groups, CRF and VR-4, and run for 20 min each on their respective schedules. There were 4 testing days, in which the procedure was the same as on Training Day 2. Percentage of short IRTs which occurred after a reinforced press was the dependent variable.
Results and Discussion
A 2 (reinforcement schedule: CRF vs. VR-4) x 4 (testing day) mixed ANOVA showed no significant main effect of reinforcement schedule, F(1, 8) = 1.721, P > .05 (see Figure 3) , no main effect of testing day, F(3, 24) = 1.778, p> .05, and no reinforcement schedule x testing day interaction, F(3, 24) = 1.415, p> .05, on the percentage of short IRTs which occurred after a reinforced press. The results of Experiment 3 show that the percentage of short IRTs after reinforced presses made by animals on a VR-4 schedule of reinforcement is not reliably different from the percentage made by animals on a CRF schedule. Thus, the finding of a higher response rate, and, consequently, more short IRTs, with a partial reinforcement schedule is not the result of more short IRTs occurring after nonreinforced presses.
Experiment 4
The purpose of Experiment 4 was to determine whether animals made more partial responses under high effort conditions than under low effort conditions in order to determine whether the animals pressing under high effort conditions were, in effect, on an effort-produced partial reinforcement schedule of reinforcement. 
Method
Subjects and apparatus. The subjects and apparatus were the same as in Experiments 2 and 3.
Procedure. For 12 days prior to training, all animals were fed on a schedule of 1 1/2 hr of food every 24 hr, with ad lib access to water. There were then 2 training days, in which the animals were run for 20 min each on a CRF schedule of reinforcement. This was followed by 6 testing days, in which each animal was run in two different 10 min sessions; one session had 7 g effort requirement (low effort) and one session had 50 g effort requirement (high effort). The effort requirements for each session were counterbalanced across days (High, Low; Low, High; Low, High; High, Low; Low, High; High, Low). A contact relay recorded all contacts with the lever during the testing session. A partial response was defined as a contact with the lever that did not result in a complete leverpress. The number of partial responses in a session was calculated by subtracting the number of completed responses from the total number of lever contacts for each animal. Percentage of partial responses (incomplete leverpresses) was the dependent measure.
Results and Discussion
A 2 (effort requirement: 7 g vs. 50 g) x 6 (testing day) within-subjects ANOVA yielded a significant effect of effort level, F(1, 45) = 70.856, P < .001, with subjects making a higher percentage of partial responses in the 50 g condition than in the 7 g condition. There was also a significant main effect of testing day, F(5, 45) = 8.852, P < .001, with the percentage of partial responses becoming lower over Testing Days 1, 2, and 3, and remaining stable on Days 4, 5, and 6 (see Figure 4) . The results of this study indicate that animals make more partial responses when the effort requirement is higher, indicating that higher levels of effort do produce partial reinforcement schedules.
General Discussion
Previous research found a possible relationship between the effort required to make a leverpress and the percentage of short IRTs (Armus, 1986 (Armus, , 1988 (Armus, , 1990 . One plausible explanation for these findings might involve the notion of differential response-produced stimulus feedback. If stimulus feedback from a leverpress provides an important cue for the next leverpress, it is possible that more salient feedback cues might be more strongly associated with leverpressing than are less salient cues. If so, and if the feedback cues from a more effortful response are more salient than those from a less effortful response, such stronger association might lead to more short interresponse times (Armus, 1986) .
However, previous experiments designed to test the effort effect had a possible confounding of greater effort with a greater number of incomplete, and hence nonreinforced, presses, resulting in animals under higher response effort being, in effect, under partial reinforcement schedules. The present research indicates that a partial reinforcement schedule (VR-4) results in a greater percentage of short I RTs than a continuous reinforcement schedule. It also shows that a higher response effort requirement (50 g as opposed to 7 g) results in a greater percentage of incomplete responses, producing, thereby, a VR schedule of reinforcement. Therefore, it is entirely possible that the reported effort effect (Armus, 1986 (Armus, , 1988 (Armus, , 1990 ), a greater percentage of short IRTs with greater effort requirements, is an artifact of what is, essentially, a VR reinforcement schedule produced by the greater number of incomplete (and nonreinforced) presses resulting from the higher effort requirement.
